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[0 0 2 9] 

*lI#iF^5 414693-^ (Ma^lfe) i::{±. h^fflvVc 2 \f y h 
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*gl#tt=»5 4 3 4 8 2 5-t (H a r a i ) E P R OM-^E E P R OM 

#&*m^^««:3oJil±<^«#«|ilH(cE:i5>1-*«t9 LTi/^^o ck^^^V • 

DgBT -r a «?) , :^|fc<7):& L § V^ffimBE^l U^iE <^ L § V^^mffi «r -ffiffl L T 
[0 0 3 1] 
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®JE t ^mjL^^Mi^Mm LfzL^ v^flSmJE t OM(7) L § v^fitmJE<^^^A 7!>s|^ 
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<7) ^' • yy>'J7.^ W^<D -yu — T-^ y ' Y • v a. - ^ - 

:^J^rS5i*> -f-f • -T^ 3y<r>^!k.ttz\tT ^ -7' • •r-r 

a > f><7) Hl^ o T o 
[0 0 3 9] 

r'-f--/ • T'-f H ^raSSrJ!Pf^i-«>jfc«&»ci*L^-C$^ffl$tiTv>;t'b 

y y X ^M^-r ^ t^^ 0 ii(D'C$>^o y h ' hmj^ii. VT)-^ • 

h7yz^:^^mm.tiif^ii*iX\^>^o :^^Vyh - y- hmikTb^'Z^mt ^fifz<o 
2m<o h 9 y 'J 7s if <D 0 ■'b<DmUt:UnL'Z\f^:i>:^<D h 9 y -y :^ t^i>:s> y 
XJ-'T^ yy ■ h ■ hyyi^:^^i!}^. mmm^^miz^j:i>^^fiii^^'otzi^ 

& o 

[0 0 4 0] 

fzmmmmnitKis\y^x - k • >fs)v—^^^^-r:^:itKXoxnhti^t\^^o 



(40) #a200 1-5 1 2290 

*^ToT^5e-r St'>'M 7.<d\^% <^>fitmffi Vt ?r^g;V^mJEt-«lx.T;e ^ > ^<r>i^ 
f^^^ipli: Jix ^<^#3i^^:^ 'flb:^<7) if h lij^S^rSlJ-t i t '5: <^f ^ i 

[0 0 4 11 

MJC. • o^V^ hn:/i^At:iJ:oT#&^«rff -9 ii:■C«#MMl** 

[0 0 4 2] 
[0 0 4 3] 

a^^cB ru \^nm\^tzm^\^wsi<o:K^^h. wmm roj tcMt&LTtEai 

[0 0 4 4] 



(41) 0 0 1 -5 1 2 2 9 0 

-EE P R OMOpt*'; • -bJPlwOV^T, ttz. '^^(T^mih^. ^tliL> 

til&*(7)0N0-EEP ROM<?)p{*U • -fc;K?>»fiiiia-e* >5 ^ C:<7>;>{*U • -fe;v 
i*. 1lrJ£<^fi^$l?:fci^ r"A True Single-Transistor 
Oxide-Nitride-Oxide EEPROM Device." 
T. Y. Clian. K. K. Young and Chenming H 
u, IEEE Electron Device Letters, Mar 
c h 1 9 8 7J tcpi^^tLTv^S'tx^-e^, 19, l^^#*iK<^l*i^l4i<7)TOS: 

#S:|gL^LT^l9> • 'b;W4 1 fi. P3^-> 'J =r 3 0 t . N + 

[0 0 4 5] 

JK^*5i<;?^«:^T^ t-t4> Kl^-f 3 4;S,J/^- h 4 2 ^C^>^^C«JE4rEPiJ^L^ V 
^J^ 3 2 SrS^-r&o A-ft^fi^Jt-Ji^ 'P9;t»^, hJcfi 1 0 V<^mJBES'epijnL. 
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[0 0 4 6] 

^m^mn4 17376 6-^ (Hayes) Kit. CK^J: ^ t£mitm<^mmm 
^J:m^i)m3 5 0 At^^S tfEi^^ttTV^S («^6 ^^A. 0^t--^6 Iff 
#M) o t?t. Ha y e s!WPf-<o^^') • -t jvtcfflv^ t,*LTv>2>M'fk|g|Ji, 

*««^--r * t -9 *l»ih-r i> c: i: § & <7)-c*> s ^(?) J: "9 ^ffi-fbrn** 
M«i*tTv^^rv^<^-e**o H a y e s#g^^<^>^'J • •feJWlfji-eiis 

*>tLTLt^o HP*., mm'mr-h'^K ^^mKmm^fitzm'f-^m^LXLt 
L^^mifji^ ^<?)^-=eu . ■t)va)m^mmmmzmm^fix\^^tim'f-KM^miR 
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|g^bjg|<^l*IgBl^«S:^rpim#*«#^i-^o Ha y e s ttTv^^^-ftM 
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[0 0 4 8] 
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*:^fe«4:j593<o:&fe-e* »9 . e e p r OM2a?/7 9 e e ? r omcop? ^ 
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citT^J: tJ&3^<7)'7"9 v'-^j-EEP ROM<?)^-=ev • ■fejv<^)^ttiL:35'ffiicov5 

flff^til^- hSrffli/^Tt^xTJ'b^J!:);?:. t3&5ll(^E E P R OMj^v^ 7 v-o. E E 
PR0M<7)^^'; • -fc:;V'<?)-JKS«j'5r^ffiL:^i£fi. ^ t VV^ yh\:.^^\z 

•77 ;'->a.EEPROM<^^mL<>> t l^«l<?):i^^T?^f *?tL^,o 
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[0 0 5 2] 

[0 0 5 3] 

'J •^r;H0(4^ acJCOPN^-^^-rtgBlwB^L/cPBS^l 2 S-#x.rv^-6o 
•etL^P N«'^<?)d ^<^— :^tiV~-;^ 1 4 fc^l 2 t<^HlwJ^Bfc3i*tT*l9. 
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^- h 2 4<^)J?5!{±*b4 0 0 0 A-CJfeSo h 2 4 {±#ife^->'J aVCJ^^i" 
[0 0 5 6] 

LTfflV>;t. :*:^§g<^ifJi^ijiMJC:d^:d^a 2 Ify h • y 9 v'i E E P R OM . 

<Oo%<r>moii^fz\f\z^m^^^^\.X^i>o P5^*«6 2tc(i, N + V-7.<ti 
^5 St. N+ KV-'0 111^6 0 t7&s?i^^$itLT^^;S>o m^^^^^m^^ ^ >m 
3B):#5 7 «r^ifc$-^7t:S^'fb->'J =r>M5 4:*s> 2 ^c^g^'fbv' 3 >'m5 2 . 5 6 
<^Mtc|*5f ictT?^^?*LTV>So Mt;, m-fb-^U :i>'lgE5 2 SrSo <t 

^KLX^I^^l^^) 'ay<r>V- h 5 0 36«?^]*:^tLTV»;6o -5^- h 5 0J±. -i!^6<l 
^wti. Nfl^^i^i^^-^aftJKt:: K--/tT5i^^L> 'pi|;tff i; i o"~ 1 o'"® 
^/c c (7)«iJtl6H-eK-7't^c^b<7)i:-r^C:i:3()^T?^^o 1112 Ii^t7t2 Vf >7 



(48) !|$*2 0 0 1 -5 1 2 29 0 

[0 0 5 7] 
10 0 5 8] 

79^;'-:^a.EEPR0M<??^*'J • -b;n 0 (0 2) (D^iii^RtfUiiiL^^T 
ttf^:SlU^^mL»f^fi. *^fS^?g|t^#t LT-C{i=S:<. f^nm^Wsi^t LX^ioii 

[0 0 5 9] 

S.<D^W}<O^W't^\f^^^i3<^t^&o m-^. 3|s:|i|^H:i^:d>&EEPR0M<^^ 
[0 0 6 0] 



(49) !^a2 00 1 -5 1 2 29 0 

<^ET t:: * §P^<^ L ^ *«±# L T=fT < o 

[0 0 6 1] 

mmmm^mimz 0 35-^^ftfi^#ai-e^^<^-i.o 

[0 0 6 2] 



(50) «P^2 0 0 1 -5 1 2 2 9 0 

[0 0 6 3] 

y ^ y Z/ E P R OM :>( ^) --feJH 0 <^ff tB L^r^*<^^Hl L:^-^lctj&o 

l^i:m:^i^t^fr^ ^;v^9 cii^-e^-So ^mu«-ff h t Kv>f ><?) 

0E=£-^m-rao t^/m;^i o*m«ii<^t'cii (IP*,, t^m^m roj ) ic^,ttj* 

ru ) U**ttf> •3E*L*f-^^;i'mitE{ij5^'5j ^Jz^civ^o ifea«ts roj K 
[0 0 6 41 

'fc-t^i^. m-^mma^v-^^'tum-r^t, mijmmiii\^:ff^^umLfzm^t 

[0 0 6 5] 

tC:g<'5:^o -?--?Jw)5:2)31ffitiov>T. 01 ti J: «9 0 5 ASO^EI 5 B LTM 
KWmKUmLX^<o EISA**. ti&J|IO7 7'y->iEEPR0M-t;K0»f®ia 



(51) !^^2 0 0 1 -5 1 2 2 9 0 

[0 0 6 6] 

mm^fltcm^itVU-^ y 3 4 (0 5 A) *v^L KV-f ^ 1 6 (ia5B)<^)ja# 

^MLt^ib^o r^"^^ :^*^m^n Toj ji*oTv*ti*f, iP*)BE*&*JK1SK 

;ttx.^oT<>, ^/&^'5r^^^JVm^Et:5^-^tL'5rvMi-f -e^^&o ^tt(±, 

■C'fc#»^S^'5:^H{i> «Wti»«i*<^«$-c*j&o Ji»:^iRi^tbL:&5S:«:$RMb 



(52) !Nf^2 0 0 1 -5 1 2 2 9 0 

(I25A) Og^^^-hS^-e^JttLJf. m^fii'^m#*IM^i«6 6<0JP&T<^^^ 

[0 0 6 7] 

^^R^tftB:6«^^-rSo :i<Dt^i-^^)i^P=\K\i. :z.<D^^^}^<r>±&<Do'fb 
o T ^ ^ ;HIM3&^3S tL;& o 

[0 0 6 8] 
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(mWil«i*) 6 6 (S5A) <?5KTJ-^£:S-r*f-^^;K^$P^<^:g$ 
[0 0 6 9] 

— 7 7y ~:>^EEPROM(^^^'J • -tr;H O (I1I5B) toUffi L^rit:*" 

^itm^m-(^^ y) . mitm2 o(Dmi^6 sK^i^y h - j^u^ hu>i:^:K-ti>:i 
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^latTt Liv^'fismiE (apt,, ^ftfito t ^ v^-fismjE) tJt-<T^^t<fi:v^mffi 
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[0 0 7 2] 
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^mRV'mmt^m&r-t^'D^fti^x\,^:s><Dx-^&o 
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^-f^o la 6 l::^ t7ti5^'7 '7fi^ "7 9 7 E E P R OM-t;vti 
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Lfc t -ftLP>^>!r<7>j^'^<7) >®3lE<7):^i ? t^Ji, 1 0 0 0 4^ 

[0 0 7 8] 

^> L#v^ffimjii4, ^^^)\^if^nm<o!iisfktLxmt-t^o 
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lll5B^#BatTUtigT&t. hmj£Vc<7):^/6«L§v^'limiEVT J: i9igvi 
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m2] 
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Vx = Vbsat 

Vt(Vx)-Vto + AV^Vx) 
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;^mJE * 0 V tc^fe L t ^ <0 L § v^^lfiHEE Vt o ic , L § v^M)aE<?5^'ft;i|® A V 
[0 0 8 2] 

^TiC'e:a-r-&f-^^;i/gB5*<^MjiSBM<75m]E{4*«j2 v-e*)^o c:tt^w^uT^ * 

[0 0 8 3] 
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[0 0 8 4] 

^iS2 7 (1115 B) K^n&'f-^^)pp^m.j£Vxi:^i>m.m^m^-ti>fzidiz£'^ 

'(itmJEJif"^^JV«7>il::gt^HoT— ^-eJiJ^ < iiho 13 1 0 <r> if ^ y {z^-t X 0 

Mt::p«B^:^W*is fThe Design and Analysis o 
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H$- 1 Alciig^LT. La!V^'fiSllJ£VT*«3 . 5 V frCJ^S J: -7 IC-f/^^ 
mJEVT«rilliJ5Et^^o Ell 2<?)^9 7 4'tifBALjt J: 9 tw, T^<?) 2 5|s:<7)fflj^:<i5 



(63) !Kf«2 00 1-5 1 2 290 

•JIEIthS: 1 Alwig^L^tffi^) "Cfi. llK:&l^a^^^i L:i^^=S:J&ffl L;t*i-&0 1 i 
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21*LJ: «9I12*#MLT, :^§^m<0 2}dy h E E P R 0M-feJVO»&.^<^:Jbr^lC 

t:^my^y }'<r>^^^. 7»/M v^^;^ • h • f'/^-<;^"e**ii#t 

\- 1 \^ y h (7)m:)o\&im&^} tmL/zmx-mmLfzio^iz'^^x^r^o mA. 

y ' y^y-^^xx.xmm.^^^^ ^<r>^^. mm. (m#««m) 2 0 
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o;to minif y ><^L§v>Yiiai±VT t UT^$itT(/>;|>ffitd:. *5i.i5f^:&|ni i: (i 
'^T^<. ^<r>tztb. :^m\iy Y (r>m$.<r>m^\^\t. I^m^y h*^P>^*«r^»t 

[0 0 9 0] 
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[0 0 9 1] 

;Sv>mBE (il-^ti^tJl OV) Iclgfe^ijtSTt*?)^ eE»2s<^*lcSllc$,;5,;&litf h 

MBi)mM\^ tzm& t m cms. KmM^'ti,(D ^m^^y ^(ob^^^ 

[0 0 9 2] 
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7 0 (m#^Sil«i* 7 Y tn£^<r>\,t. Z. <r>mM 7 0 \Z.nMii^^^t & 3&> 

[0 0 9 3 ] 
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[0 0 9 4] 

i)^9inm\:.S.':>X^^iXtztzibK. I^m^y h<^>^tB L:i>«ft&#? tt, ifelffllf':' ^ 
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[0 0 9 51 
[0 0 9 6] 

2 e h • ^ i; • -fc;v^||tU L 

»!)^ 2 h E E P R OM-fe;K^^m L:^^i:iov^-CiJi 

^l*ti#BB#-^7 O-e^LTto mi 5l-»iM»c r^tbLJ i:#IEL;t 2>f:o^ep 
[0 0 9 71 
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gguytrJ: ? Jc. v-;^mJEt^- >mJEi:<^f *» ^ J: i9 'bffiiv^o IH^lc. tEm\f 
[0 0 9 8 1 

la 1 6 fi. WLWTii^^'B^y h K^ifi> 'J - K . :^)\^-<o^^\^MLX. ^&ir 
JEVo«:5 OmVtci£3cL> -ftb^^c^^tf^y h *rgE»ji*^llc LT^v^T^Hi t «r 

WTi:^i&^-!bH&.r-r^^tii^i^>^. ^commit. w.m^^^^ji^ikm.Tb^i^iz-r^ 

[0 0 9 9] 
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nHILTlilii* 1 4) lc5a^LTv>'&v»l&'&trji. /'fvf- • ;^;w-*«5tlli:i|l^ 
[0 10 0] 

LXir^(D3^<Dm^ii^^^o (1) 2'i®<^ey h:^>s*ic5i^#52s^^Si-*i>^ 
-^-o ( 2 ) <^) tr > ibm^jL^^M * »9 ^:&*>'5|c«j2i.?».;yc|g ic ag, & 4i-^o 
( 3 ) 2m<0\£yh J&«*tcg6»^^4^c)iic* aii#o ^ 1 <7>Wi^it. U - K • 

^„ 

[0 10 1] 
[0 10 2] 

*^§?<?>EEPROM-b;m. 2 If h SrlBfiS-TS i t <?)T§ :g> p« * U 
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[0 10 3] 

-:J^(7) e V \ t'^ipMiLh^^^ K^:h^j:hii. BP *. , nmmmm<^ ^(Tyi^y hiz 
Mt& L i flUW^X $ itT ^S: »t *t If , ^ <^ t' h {iflb:j^<^ l£y h<D 

o "c « . nMTL^% Kih^^iv Y <D^^i!)\ f - ^ ;w <r>mmm^i&r ? c: 

10 10 4] 

*&*t^jiJ'*-& t i Klk^<0\£y h<^^m L*^T-9 B^t'{±> ^'N'Vf* • 

mmLtzmmi'-^^^ k • ;5^j^^'Srtf 9o mix}f> ^wtf-;/ ^ 7 o t^&fion- 



(72) !^^2 00 1 -5 1 2 290 

L-C-fBT fefWIb* ^ ;t f> $ Jfc i/>o 
[0 10 5] 

^^;VJs!l*3&«^^LT< -2)0 2 h • pJ-tV • -fe^l^-CJi. HSc^ h 
[0 10 6] 



(73) 1*^200 1-5 1 2290 

[0 10 7] 

, -1j<D}^y f<7)M:ferrni^tbLt, 'fl&:^<7) if h(?)M:^lRl^mLt<^WJ::+^'5: 
-f-tLt-iof 2'|@<^lf y h SrESUTS^rJttLJf !S: t,J5:v»o «^x.fdr> HI 1 1 

[0 10 8] 
[0 10 9] 

iK:*riq]^ffiL:;^^t L^cJU-^o^se-y hoL^v^-fitmEEVT^^ ii:^r5i^aiL 
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[0 110] 

^H^|t@#M=^4 17376 6-^ (Hayes) KmmLXmmhfcXo i^. 
Ha y e s tLTv>:^>^i&*(^jj^gi^r- hJl^r^/NM >^<^;^# '5:®Bfrfi> 

v'j.EEPROM^rHa y e s c^r'^^^f 7. $rfflv»Tfl|^-r*Of±ai8i-C2fe 

[0 111] 

&o vico^i-^. 1f^«rM*t--6lc}i. ^-hSr^JdlL. KU-f > Iw-f-dg-jfemffiS- 
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[0 112] 
2 tf h ' ;*^') • •fe;KOM* 
itLj: 2 h • 79';'v':i.EEPR0M;>t^y • -b;Vl 0 (015)0 

4t«^i*7 0<^®^'Sr> Citt'bllDJ: ®tijt<0|l±®<^m'fkM2 2 ^MiS 
[0 113] 
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[0 114] 

XI 4 tc-fe-nnji^entii-rso clco:^fe*fflv^^J^'a■^^^ g^itt^^^i^c^m-fb 
mmmm'c$>i,m<m2 o-i^hr- v 2 4'>^o®^<?)#aiSr«®>fbL, ^tttcj: 
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